Abstract Although the long term prognosis of patients with dilated cardiomyopathy (DCM) remains poor, approximately 25 % of DCM patients with recent onset of heart failure (< 6 months) have a relatively benign clinical course with a spontaneously improvement in symptoms and partial, or in some cases complete, recovery of left ventricular (LV) function. Despite the longstanding recognition of the clinical phenomenon of LV recovery, relatively little attention has been paid to the etiology and natural history of this important group of DCM patients. Accordingly, in the present review we will focus on the epidemiology and natural history of recent onset DCM in patients who undergo spontaneous resolution of symptoms that is accompanied by recovery of LV function.
Introduction
The term dilated cardiomyopathy (DCM) refers to a large group of heterogeneous myocardial disorders that are characterized by ventricular dilation and depressed myocardial contractility in the absence of abnormal loading conditions (e.g., valvular disease or hypertension). Although the overall prognosis in patients with symptomatic heart failure and DCM is relatively poor, with 25 % mortality at 1 year and 50 % mortality at 5 years [1] , approximately 25 % of DCM patients with recent onset of heart failure (< 6 months) have a relatively benign clinical course with spontaneously improvement in symptoms and partial, or in some cases complete, recovery of left ventricular (LV) function. Despite the longstanding recognition of this clinical phenomenon, relatively little attention has been paid to the etiology and natural history of this group of DCM patients. Accordingly, this review will focus on the epidemiology and natural history of recent onset DCM patients, in whom spontaneous resolution of symptoms and recovery of LV function occurs.
Epidemiology of LV Recovery
For some etiologies of DCM, recovery of left ventricular (LV) function and reverse LV remodeling occur once the inciting adverse event that precipitated the episode of heart failure is resolved or removed. Indeed, in some situations, recovery of LV function can occur in a relatively high proportion of individuals, even when the severity of the heart failure or LV dysfunction has been quite severe. In contrast to the well described clinical phenomenon of reverse LV remodeling and recovery of LV function that has been described with the pharmacologic and/or device treatment of patients with ischemic and non-ischemic heart failure, relatively little is known with regard to the phenomenon of the "spontaneous" recovery of LV function. As shown in the Fig. 1 , there are three major etiologies of DCM that are associated with spontaneous recovery of LV function and reverse LV remodeling, including abnormal energetics, toxic insults and inflammation. Although clinically important, this review will not cover medical and/or device interventions that have been shown to lead to reverse remodeling in patients with chronic heart failure, since this has been reviewed in depth in several recent reviews [2, 3•] .
Natural History of LV Recovery
The natural history of the recovery of LV function in patients with recent onset cardiomyopathy has been hard to establish with certainty for several reasons. First the great majority of the studies have been performed in single centers, with small numbers of patients, using different definitions of improvement in LV ejection fraction (EF) ranging from improvements in ejection fraction of 5 % to 15 % [4, 5] , although the great majority of studies have used 10 %. Second, the definition for recovery of LV function has ranged from ejection fractions of greater than 40 % to 50 % [6] . For the purpose of this review, we will use the cut-off of 50 % as a measure of complete LV recovery since this has been used by the majority of studies. However, the authors recognize that patients whose hearts have undergone reverse remodeling and have an EF >50 % may still have subclinical abnormalities in systolic and diastolic function [7] . Third, with the advent of modern medical therapy for heart failure, it is difficult to find studies in which patients are either untreated and/or in which treatment has been stopped following normalization of the LV ejection fraction. Thus, it is often difficult to determine how much of the normalization of LV structure and function occurs because of the use of appropriate medical or device therapies, versus how much restoration of LV structure and function would have occurred in the absence of therapy. Moreover, the institution of medical and/or device therapy makes it difficult to assess the durability of LV functional recovery. Nonetheless, by broadly reviewing the natural history of recovery of LV function in various clinical settings, we hope to highlight several unifying themes with regard to this phenomenon.
Abnormal Energetics
Tachyarrhythmias Cardiac arrhythmias are common in patients with heart failure (HF) and often precipitate or exacerbate episodes of acute decompensation. In patients without structural heart disease, atrial and less commonly, ventricular tachyarrhythmias may be the primary cause of a tachycardiainduced cardiomyopathy (TIC) [8] . Atrial fibrillation with rapid ventricular response and atrial tachycardia are the most common causes of TIC, but slow ventricular tachycardia and frequent ventricular ectopy have also been associated with reversible LV dysfunction. With TIC, effective antiarrhythmic therapy, cardioversion and/or radiofrequency ablation can result in improvement and often full recovery of LV function, especially if the tachycardia is transient [9] . However, LV dysfunction can rapidly recur in patients with recurrent tachycardia, and, in patients with recovered LV function, late sudden death has been reported [10] . The latter may be due to persistent hypertrophy and ultrastructural changes that have been documented in animal models of TIC [11] . In reported case series (see Table 1 ), more than 90 % of patients with TIC had an improvement in EF >10 % with treatment and approximately 80 % had full LV recovery. However, compared to controls, patients with TIC had increased LV systolic and diastolic volumes [12] , suggesting persistent negative remodeling.
Stress cardiomyopathy Stress cardiomyopathy, also referred to as takotsubo cardiomyopathy or apical ballooning syndrome, is an acute cardiac syndrome characterized by transient apical and midventricular wall motion abnormality, electrocardiographic changes that mimic acute myocardial infarction, and modest cardiac enzyme release, in the absence obstructive coronary artery disease [13, 14] . Women between the ages of 60 and 80, who suffer an acute emotional or physical stress, account for the majority of cases. Despite the dramatic presentation, almost all patients recover fully although recurrence rates as high as 5-10 % have been reported [15, 16] . Inhospital mortality is rare (1.1 % in a systematic literature review). The predominant underlying mechanism appears to be acute sympathetic activation leading to "metabolic" myocardial stunning, which argues in favor of comprehensive adrenergic blockade and helps to explain the reversible nature of the LV and occasional RV injury [17] . Cardiac magnetic resonance imaging (MRI) reveals myocardial edema colocated with regional LV dysfunction, active inflammation and absence of significant fibrosis [18] . Large series (see Table 1 ) demonstrate that LV (and RV) wall motion abnormalities and systolic dysfunction uniformly normalize at or before hospital discharge. However, reverse remodeling may be delayed by up to 12 months in a small minority of patients.
Hyperthyroidism
In patients with hyperthyroidism, overt heart failure in the absence of underlying cardiac disease is uncommon [19] . While initial clinical studies highlighted the presence of increased cardiac output, low systemic vascular resistance, and hyperdynamic LV function causing highoutput heart failure [20] , subsequent case reports and small case series have also described a reversible dilated cardiomyopathy (see Table 1 ). Typically, these cases involve younger, otherwise healthy adults in whom the diagnosis of hyperthyroid-induced heart failure may be delayed due to Key: AC = alcoholic cardiomyopathy; A = ACE inhibitor/ARB; AA = anti-arrhythmic; ATT = anti-thyroid therapy; B = beta-blocker; C = calcium blocker; D = digoxin; HF = heart failure; HT = hyperthyroidism; LVD = left ventricular dysfunction; NS = not specified; RFA = radiofrequency ablation; RAI = radioactive iodine; SC = stress cardiomyopathy; TIC = tachycardia-induced cardiomyopathy; TRC = trastuzumab-related cardiotoxicity.
*1-4 standard drinks daily; ** >4 standard drinks daily; †LVEF ≥55 %; † †Absolute EF increase ≥10 %, EF >50 % or resolution of symptoms *N=10 patients with baseline and follow-up MRI; **represents 2.6 % of 618 patients with hyperthyroidism non-specific symptoms of fatigue and dyspnea. Taken together, these cases demonstrate LV recovery in~90 % of patients and normalization of LV function in the majority, although selection bias is likely and persistent LV failure has been reported. Importantly, many of these cases are confounded by the presence of atrial tachycarrhythmias (due to the effects of thyroid hormone on atrial tissue and nodal conduction), raising the possibility of a tachycardia-induced cardiomyopathy. Underlying mechanisms are unclear, but the presence of activating auto-antibodies targeting beta-adrenergic and muscarinic receptors have been reported in patients with hyperthyroidism and atrial fibrillation [19] . Notably, circulating levels of catecholamines are usually low or normal in hyperthyroidism, and the effects of excess thyroid hormone act through downstream receptors and signaling G proteins. In fulminant cases of thyrotoxicosis with complete LV recovery, myocardial stunning similar to stress cardiomyopathy has been posited. Successful treatment of dilated cardiomyopathy secondary to hyperthyroidism generally requires anti-thyroid therapy (e.g., propylthiouracil, radioactive iodine) to restore a euthryoid state. Beta-blockers should be used cautiously since they may lead to further reduction in myocardial contractility.
Toxins
Alcoholic cardiomyopathy Alcohol has protective effects on coronary artery disease, but is a known cardiotoxin associated with arrhythmias, heart failure and LV dysfunction [21] . Alcoholic cardiomyopathy is a complication of longstanding alcohol abuse and related to a patient's total lifetime dose of ethanol. In one study, for example, the mean ethanol intake was 208 g (12-15 standard drinks) per day for an average of 26 years. Frequent co-morbidities include atrial arrhythmias, hypertension, malnutrition and cirrhosis. In developed countries, alcohol may account for up to 25 % of cases of dilated cardiomyopathy, and up to one-third of chronic alcoholics have asymptomatic LV dysfunction [22] . Genetic susceptibility has been postulated, and women have a lower threshold dose of ethanol for the development of cardiomyopathy [23] . During the course of cardiac remodeling, reduced EF is often preceded by LV dilation, an increase in LV mass, and diastolic dysfunction [24] . Abstinence can result in full recovery of LV function over a period of months to years, while "controlled" or moderate drinking has also been shown to promote reverse remodeling with improvement in EF and regression of hypertrophy (see Table 1 ). Patients who continue to drink heavily demonstrate either no change or further reduction in EF associated with excess cardiac mortality. A minority of patients who abstain from drinking also have no improvement in EF. Differences in racial, socio-economic and environmental factors, as well as other co-morbidities and treatment differences may contribute to variable remodeling outcomes.
Trastuzumab-Related Cardiotoxicity Trastuzumab is a monoclonal antibody that selectively targets the extracellular domain of human epidermal growth factor receptor 2 (HER2). For patients with early stage breast cancer that overexpresses HER2, trastuzumab significantly increases response rates and disease-free and overall survival. However, HER2 is also expressed in the adult heart and plays a fundamental role in cardiac protection via ErbB2-neuregulin 1 signaling. Cardiotoxicity has been reported in up to 7 % of patients treated with trastuzumab alone, and is increased to 27 % when trastuzumab is combined with an anthracycline. Other risk factors include lower baseline EF, older age, and hypertension. Cardiac troponin elevation prior to or during therapy is an independent predictor of toxicity [25•] . Unlike anthracyline-induced cardiomyopathy, the cardiotoxicity of trastuzumab occurs rapidly and is potentially reversible [26] . In a prospective observational study of patients with trastuzumab-related cardiotoxicity, withdrawal of trastuzumab for 6 weeks resulted in an improvement in EF from 43 % to 55 %, with nearly 80 % achieving EF >50 % (see Table 1 ). Following re-challenge, only 12 % of patients had recurrent LV dysfunction [27] . In the Herceptin Adjuvant (HERA) trial, a significant drop in EF (≥ 10 % below baseline and to <50 %) occurred in 118 of 1,678 patients (7 %) with 67 % achieving recovery of EF to ≥55 % over 4-6 months. The absence of ultrastructural changes on endomyocardial biopsy, typically seen with anthracyclines, may explain the reversibility of trastuzumab cardiotoxicity. Negative troponin levels are also predictive of recovery supporting the theory that trastuzumab is associated with myocardial stunning, without necrosis. Clinical studies are underway to test the hypotheses that neurohormonal antagonists can prevent or attenuate traztusumab-related cardiotoxicity, hasten LV recovery, and/ or allow ongoing chemotherapy.
Inflammation
Inflammation of the heart may lead to the development of symptomatic heart failure in~10 % of cases of initially unexplained cardiomyopathy [28, 29] . There are three inflammatory etiologies that can lead to a dilated cardiomyopathy, including myocarditis, post-partum cardiomyopathy, and systemic inflammatory response syndrome (SIRS). The clinical diagnostic classification of recent onset dilated cardiomyopathy has been linked with inflammation in some cases, and will be discussed as well.
Recent Onset Cardiomyopathy Recent onset heart failure with a dilated cardiomyopathy represent a heterogeneous grouping of diseases that includes myocarditis (4-67 %), peripartum cardiomyopathy (10 %), unknown toxins, and likely some undisclosed/unknown genetic abnormalities that present in [32] EF units from the baseline EF, and normalization of LV function was defined as attainment of an LV EF ≥50 % at the time of follow-up. Several studies were conducted before the widespread use of evidence based medical therapies. As shown in Table 2 , 26-70 % of patients with recent onset heart failure with a dilated cardiomypathy experience recovery of LV function. However, the percentage of patients with normalization of LV function was only 7-25 %. Importantly, the percentage of patients with recovery of LV function by at least 10 EF units is greater in more recent studies in which evidence-based therapies for heart failure have been employed, consistent with the known effects of these agents on reverse remodeling. However, normalization of LV EF is the same in older and newer studies, and has not improved with implementation of evidence-based therapies. Interesting, in a recent report, the use of serial B-type natriuretic peptide (BNP) levels and cardiac MRI provided a better prediction of recovery of LV function than conventional measures. Specifically, a BNP <344 ng/l, as well as lower baseline late gadolinium enhancement and higher myocardial edema ratio, improved the prediction of LV recovery of recent dilated cardiomyopathy [31••] . Fibrosis or inflammation on biopsy was not an independent predictor of LV recovery.
Myocarditis Although the term myocarditis refers to any inflammation of the myocardium, and can be observed following any form or injury to the heart (e.g., acute ischemic injury or mechanical trauma), the colloquial use of the term myocarditis has generally been used to describe inflammation of the heart muscle as a result of exposure to either external antigens (such as viruses, bacteria, parasites, toxins, or drugs) or internal triggers, such as autoimmune activation against self antigens. Although viral infection remains the most commonly identified cause for myocarditis, drug hypersensitivity and toxic drug reactions, and other infections, can also lead to myocarditis. One of the difficulties in defining the natural history of recovery of LV function in viral myocarditis is that histological evidence of myocarditis is often lacking and/or equivocal, and the definitions used vary from study to study. Nonetheless, for documented viral myocarditis the prognosis varies, with spontaneous complete resolution of symptoms and recovery of LV function in 40-100 % of patients, and complete recovery of LV function in 40-80 % of patients (see Table 2 ). In the Myocarditis Treatment Trial, improvements in LV ejection fraction >10 % occurred in all of the treatment (azathioprine and cyclosporine or azathioprine and prednisone) and control groups by week 28 of the study, and were maintained through 52 weeks [33] . There was, however, no difference in the LV ejection fraction in the treatment and control groups at any time. It is important to recognize that the improvements in LV function in these patients pre-dated the widespread use of neurohormonal antagonists, and, thus, represent the actual natural history of LV recovery in this disease entity. Improvements in LV function by >15-20 ejection fraction units have also been reported in multiple case series that have used immunosuppression, immunoadsorption and/or anti-viral therapy (reviewed in reference [29] ). These studies were not included in this review because of the small numbers of patients, lack of concurrent control groups, and heterogeneity of therapies used. Interestingly, and seemingly paradoxically, the best outcomes of patients with documented viral myocarditis are most often seen in fulminant myocarditis [34] .
Peripartum cardiomyopathy Peripartum cardiomyopathy is a disease of unknown etiology in which LV dysfunction occurs during the last trimester of pregnancy or during early puerperium. Although the etiology remains unknown, most theories have focused on hemodynamic and immunologic causes [35] ; hence, this entity will be discussed here. The prognosis of peripartum cardiomyopathy is related to the recovery of ventricular function. Significant improvement in LV function is seen in 60 % to 100 % of patients in the first 6 months after presentation (see Table 2 ), whereas full restoration of function is only seen in 20-50 % of patients. Of note, some series have reported improvements in LV function over 24 months, which may reflect, at least in part, institution of evidence-based therapies for heart failure [36] . The IMAC2 study included a small subset (n=37) of patients with PPCM. Of interest, the mean EF at baseline (27±7) and at 6 months (45±14) was significantly greater in the PPCM group, and the percentage of patients with normalization of LV EF (48 %) was significantly better in the PPCM group. Interpreting recovery of LV function in peripartum cardiomyopathy is complicated by the observation that recovery of LV function is greater in white than black patients [37] , as well as the observation that many women with peripartum cardiomyopathy may have a viral etiology or a genetic cardiomyopathy that is unmasked by pregnancy.
In patients presenting with peripartum cardiomyopathy, inotropic contractile reserve during dobutamine stress echocardiography correlates with the subsequent recovery of LV function and a good prognosis [38] . However, for those patients who do not recover to normal or near-normal function, the prognosis is similar to other forms of DCM, with a 50 % mortality rate at 6 years [39] . Predictors of lack of recovery of LV function in peripartum cardiomyopathy include: troponin T levels >0.04 ng/ml, fractional shortening <20 %, or an LV end-diastolic dimension >6 cm at the time of diagnosis. Although recovery of LV function is generally associated with good outcomes during subsequent pregnancies in women with a history of peripartum cardiomyopathy, these pregnancies can result in clinical deterioration, including death, even in patients who have normalized their LV function [40] . Retrospective studies estimate the risk of recurrent cardiomyopathy at~20 % in women with normal LV function, compared to 40-50 % in those with impaired LV function [40] . In one series,~70 % of patients who recovered their LV function were taken off of their ACE inhibitors and beta-blockers, with no regression of LV function. However, it bears emphasis that patients who have full recovery of LV function have diminished contractile reserve during dobutamine stress echocardiography [41] , suggesting that complete normalization of LV structure and function does not necessarily indicate that heart failure will not supervene with a subsequent hemodynamic stress. Systemic Inflammatory Response Syndrome (SIRS) The mechanisms for the development of LV dysfunction during sepsis and septic shock have been the focus of numerous studies. Although the current literature suggests that the majority of patients with septic shock develop a hyperdynamic circulatory state after fluid resuscitation, myocardial depression, biventricular dilation and depressed LV function have been demonstrated in~30 % of patients who present in the early stages of sepsis [42] . Remarkably, the patients with the most profound LV dilation and depression of LV function appear to have the best overall prognosis, perhaps because the increase in LV volumes enables the patients to maintain a normal stroke volume and cardiac index, despite a decrease in LV contractility. The extant literature suggests that the LV dysfunction that occurs in sepsis is largely reversible within 7-10 days in those patients who survive [43] . Although exact numbers are not reported in the literature, recovery of LV function by 10 EF units from baseline occurs in~100 % of survivors, whereas a return in EF to ≥50 % occurs in~60 % of patients who present with LV depression who survive sepsis. However, it should be emphasized that interpreting changes in LV function in the setting is not straightforward, given the use of positive pressure ventilation, inotropes, pressors and volume expansion, and the endogenous release of catecholamines, any or all of which can have an impact on the assessment of LV ejection fraction.
Conclusion
In this review we have summarized the literature regarding recovery and normalization of LV function in patients with recent onset dilated cardiomyopathy. Given the differences in definitions and background therapies, and the heterogeneity of patient populations studied, it not possible to make definitive statements with respect to the natural history of the recovery of LV structure and function in this patient population. This statement notwithstanding, there are several observations and potential inferences that can be drawn from this review. First, as shown in the Fig. 1 , recovery of LV function appears to occur in all forms of recent onset dilated cardiomyopathy, ranging from 20-100 % of patients. The greatest degree of recovery and/or normalization of LV function was observed in cardiomyopathies associated with abnormal energetics, whereas the cardiomyopathies associated with the least degree of recovery and/or normalization of LV function occurred with myocarditis and post-partum cardiomyopathy. Importantly, the percentage of patients with recovery of LV function is greater in more recent clinical studies than in older case series, suggesting the implementation of evidence-based therapies for heart failure has impacted the natural history of the disease.
Although the biological mechanisms that underlie recovery of LV function are not known, and were not the intended focus of this review, the observation that LV function recovery occurs in all forms of recent onset dilated cardiomyopathy suggests that LV recovery is a fundamentally conserved response of the heart following the resolution of cardiac injury. The role that local factors or stem cells play in this process have yet to be determined. Second, as shown in the Fig. 1 , normalization of LV structure and function occurs far less frequently than does recovery of LV function, suggesting that end organ changes may prevent normalization of LV structure and function in recent onset dilated cardiomyopathy. Indeed the dilated cardiomyopathies that are associated with the greatest discrepancy between recovery of LV function and normalization of LV function are also associated with the most end organ damage (e.g., myocarditis and post partum cardiomyopathy), whereas the dilated cardiomyopathies that are associated with a similar degree of LV functional recovery and normalization of LV function are associated with energetic deficits, which would be expected to be fully reversible (e.g., tachycardia induced cardiomyopathy). A second line of evidence that supports this point of view is that normalization of LV function occurs more often in patients with a shorter course of disease, who have less LV remodeling, less necrotic cell death and less fibrosis detected by cardiac MRI imaging.
In terms of clinical predictors of LV recovery, the aggregate data suggest that neither baseline ejection fraction status nor hemodynamic status is a good predictor of LV recovery and/or normalization of LV function. Indeed, stress cardiomyopathy and fulminant myocarditis (as described above) are dramatic examples of clinical scenarios wherein normalization of LV structure and function occur despite profound depression of LV function. There also appear to be differences in recovery of LV function in women and men, as well as white and black patients [44] , with greater recovery of LV function and event free survival in women and whites. Whether outcomes by gender and race reflect a differential genomic response to tissue injury, or other socioeconomic variables, will require further analysis. It is likely that broader application of cardiac MRI and novel biomarkers will allow for increased prediction of LV recovery, as has been reported in some patients with recent onset of dilated cardiomyopathy [31••] . It bears emphasis that while recovery and/or normalization of LV function generally portend a good prognosis in most studies, contractile reserve and diastolic function can be abnormal in hearts with normalized LV function [41] and symptomatic heart failure can reoccur in up to 20 % of patients who have normalization of LV function. Moreover, sudden cardiac death has been reported in some patients despite normalization of LV function [36] . While the extant literature does not allow the authors to comment on the importance (or lack thereof) of continuing medical therapy after normalization of LV function has occurred, the untoward outcomes of some patients after normalization of LV function would at least argue for longterm follow-up of these patients. Clinical studies to test the efficacy and safety of longer vs. shorter term therapy in this patient population are needed.
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